The concept of end-systolic myocardial stiffness permits the quantifi cation of preload effects on fiber shortening and changes in the slope (max Eav) of the end-systolic stress-strain relation, which, if linear, refl ect changes in the inotropic state.
SUMMARY
The concept of end-systolic myocardial stiffness permits the quantifi cation of preload effects on fiber shortening and changes in the slope (max Eav) of the end-systolic stress-strain relation, which, if linear, refl ect changes in the inotropic state.
As an application of this new concept, the end-systolic stress-strain and shortening-afterload relations were evaluated on the basis of data from dogs studied during development of perinephritic hypertension. End-systolic stress-strain relations were linear before and 2 weeks after the induction of hypertension and the end-systolic pressure-diameter relations were not always linear. The shortening-afterload relations obtained directly from raw data points displayed enhanced contractility in the hypertensive state under betaadrenergic receptor blockade.
However, the preload-corrected shortening-afterload relations demonstrated that contractility was unchanged in hypertension.
Hypertensive hearts operated at higher preload than normotensive hearts at any afterload levels. This discrepancy between the conventional method without preload-correction and the preloadcorrected analysis indicates the importance of preload-correction on shortening-afterload relations in hypertension. of the contractile states between ventricles must be made at common levels of afterload. The degrees of shortening at given afterload levels were obtained for each animal by linear regression of the raw data without preload correction, and by equation 6 employing a preload-corrected analysis. At afterload levels of 200, 250, 300g/cm2, there were significant differences in shortening (S) between the normotensive and hypertensive groups before preload correction (Fig. 3A) . However, no significant differences in S were observed between these 2 groups when corrections were made for preload (Fig. 3B) .
End-systolic pressure-diameter relation: Comparisons between linear regression and second degree polynomial regression of pressure-diameter relations showed significant curvilinearity in 2 dogs in the normotensive state and 2 different dogs in the hypertensive state. Figure 4 displays the end-systolic pressure-diameter relations in the Jpn. Heart J. J anuary 1990 yield a result qualitatively similar to the preload-corrected analysis. In the hypertensive state, although afterload is also linearly dependent on preload, the left ventricles operated at a relatively higher preload than in the normotensive state. This particular loading condition may explain the observation of enhanced contractility in hypertensives by conventional analysis.2) In most previous studies, the end-systolic pressure-volume (ESPVR) and pressure-diameter (ESPDR) relations have been assumed to be linear. More recently, nonlinearity of the ESPVR has been demonstrated.4),11),17) The present study confirms nonlinearity of the ESPDR, a result also obtained recently by Takeda et al.18 ) Thus, caution must be exercised when employing slopes of such relationships to assess changes in the inotropic state.
There are some limitations to the present study, which include 1) estimations of Do by extrapolation and 2) the assumption of cylindrical geometry for the LV at the site where the measurements are made. Future studies should therefore include measurements at very low afterload, and in addition, long-axis measurements should be made to confirm the results based on the cylindrical model. In summary, there are three primary findings in the present investigation. First, the end-systolic stress-strain relationships are linear in mild hypertrophy.
Second, the shortening-afterload relationships corrected for preload, indicate that myocardial contractility is unchanged in the early development of hypertension under the blockade of beta-adrenergic activity, in contrast to the result of enhanced contractility as predicted by conven- 
